Abstract At the time of its discovery, over 25 years ago, the Greek locality of Aliveri preserved the easternmost occurrence for the early Miocene of cricetodontine hamsters such as Cricetodon, Megacricetodon and Democricetodon. As knowledge on the early Miocene history of the eastern Mediterranean increased, the faunal composition became more enigmatic, because of the presence of typical European elements (Pseudotheridomys, Heterosorex, Plesiodimylus, Myxomygale), absent from Anatolia. Recently, the ungulates from the locality were rediscovered, expanding the faunal list with the equid Anchitherium and the pecorans Lagomeryx (two species), Eotragus and Palaeomerycidae gen. et sp. indet. In this paper, we examine the fauna of Aliveri in the light of the current state of knowledge. The assemblage is typical for MN 4, but is believed to pre-date European localities of that biochronological unit. Similarity with Anatolian MN 3 localities suggests that the origin of the fauna lies mostly in that region, whereas the major differences with European localities suggest relative isolation, in line with palaeogeographic reconstructions of the period. However, when isolation was lifted, a number of European elements were added to the local fauna, but, presumably because of an ecological barrier, did not move further into Anatolia. Migrations at the onset of MN 4 can explain the composition of the Greek fauna, but we are still far from completely understanding the complex history of the eastern Mediterranean during the early Miocene. 
Introduction
One of the most conspicuous faunal turnovers in Europe occurred at the end of the early Miocene. After a period in which the small mammal faunas were almost devoid of muroid rodents, the so-called 'Cricetid Vacuum', new cricetid hamster genera appeared and almost immediately became the dominant elements of the micromammal faunas. This event marked the transition between MN units MN 3 and MN 4 and has been dated in western Europe at around 17.5 Ma (Larrasoaña et al. 2006 ; Van der Meulen et al. 2011 , 2012 .
The origin of the cricetodontines has long been a mystery. The Greek locality of Aliveri, situated on the island of Evia, was at the time of the discovery the easternmost site where Democricetodon and Megacricetodon were found (Klein Hofmeijer and De Bruijn 1988) , and as such of prime interest. The locality had been discovered by a Dutch-Greek team in 1977 consisting of Albert van der Meulen, Hans de Bruijn and Georgios Katsikatsos (De Bruijn and Van der Meulen 1979) . A series of publications followed, focusing on the small mammals (De Bruijn et al. 1980 ; Van der Meulen and De Bruijn 1982; De Bruijn 1985, 1988; Doukas 1986; López Martinez 1986; Álvarez Sierra et al. 1987 ) and the carnivore genera Paleogale and Sivanasua (SchmidtKittler 1983) . The material from the latter genus was soon thereafter transferred to Euboictis (Fejfar and SchmidtKittler 1984) . In particular, the article dealing with the Gliridae, presenting a way to distinguish different ecomorphs (Van der Meulen and De Bruijn 1982) , would become a classical paper in micromammal palaeontology. The discovery of hamsters in the early Miocene of Anatolia (De Bruijn et al. 1993; Theocharopoulos 2000) shifted attention from Aliveri to more eastern and older localities.
Although the fauna of Aliveri has been described in detail, no comprehensive paper on the locality has appeared other than a comparison with the somewhat younger locality of Karydia (Doukas 2003) , or discussion on its biochronology within the Greek record (Koufos 2006) . Now, 25 years after the first publication, there are several motives to have a renewed look at the Greek locality. First and foremost, our knowledge on the early Miocene mammals of Anatolia has increased tremendously. In fact, micromammals from that period were unknown from that area at the time of the discovery of Aliveri. Oliver and Peláez-Campomanes (2014a) redescribed the Megacricetodon from Aliveri as a new species, and commented on the migrations patterns of the genus. Finally, the ungulates from Aliveri, which to date have never been described, were recently rediscovered in a museum collection.
In this paper, we take a renewed look at the locality of Aliveri against the light of this new information, and the increased knowledge of the western European faunas and chronology. The central theme in this discussion is the position of Aliveri in space and time. It seems paradoxical that the Greek locality occurs on palaeogeographical reconstructions on the same landmass as Anatolian localities such as Sabuncubeli and Keseköy, yet seems to have yielded such a different type of fauna.
Materials and methods
In order to examine to which bioprovince Aliveri belonged in the early Miocene, we used the faunal resemblance (FRI) to Aliveri based on the Raup-Crick similarity index (Eronen et al. 2009 ). The data were downloaded from the NOW database (Fortelius 2014) . Raup-Crick dissimilarity was computed using the 'vegan' package (Oksanen et al. 2015) in R v.3.1.1 (R Core Team 2014), the calculations using the function 'raupcrick' with 1000 simulations/randomisations of the dataset. With this function, the Raup-Crick index is calculated as the probability of localities having identical compositions while taking into account taxon frequencies. Thus, sharing rare taxa between communities will result in a higher similarity than sharing the same number of common taxa.
Mapping of similarity (1 − dissimilarity) was done in QGIS v.2.2.0-Valmiera (QGIS Development Team 2015) . The similarity was plotted in circles around localities with an influence radius of 3 mapunits (=300 km), and interpolated using 'Inverse Distance Weighting' with Distance Coefficient P of 3.
The fauna
Large mammals from Aliveri Until now, the large mammal records were represented at Aliveri by only dental remains of carnivores, Palaeogale and Euboictis (Schmidt-Kittler 1983; Fejfar and Schmidt-Kittler 1984; Fejfar et al. 1997; Doukas 1986; De Bruijn et al. 1987) .
The common feliform BPalaeogale^made its first appearance in Asia and Europe during the early and middle Oligocene, respectively. However, there is no consensus about its systematic position within the order Carnivora, as subsequent papers have recognised it to be a part of Carnivora incertae sedis, Mustelidae, Viverravidae, or even its own family Palaeogalidae (Peigne et al. 2014) . BPalaeogale^has a long record in many well-known Eurasian localities as it made its last appearance at the MN 5 localities of Central Europe (Fortelius 2014) . Since the BPalaeogale^material from Aliveri has never been described or figured in any of the aforementioned papers, it is not useful as a biostratigraphic and paleogeographic indicator in this study.
Euboictis is a peculiar monospecific genus which has a similar problematic taxonomic history. Initially, the holotype was first put into the genus Sivanasua and placed within Feliformia (Schmidt-Kittler 1983) . Soon after, the direct comparison of Aliveri specimen with the European material made it possible to distinguish it from any Sivanasua species. Consequently, Fejfar and Schmidt-Kittler (1984) erected the new genus Euboictis to hold the specimen. As a lophocyonine viverrid (hyaenodontid creodont according to Ginsburg and Morales 1999) , it demonstrates the development of secondary herbivory by its selenodonty in the lower molars, which is considered to be an atypical character.
This biostratigraphicaly well-dated Euboictis-Sivanasua group first appeared in Central Europe (southern Germany: Sivanasua viverroides; Czech: Sivanasua moravica) and in Spain (Sivanasua antiqua) almost simultaneously during early MN 4. However, the latest studies in Anatolia have revealed that the morphologically closest European relative is to be found in the early MN 3 locality of Sabuncubeli (Turkey). The Sabuncubeli specimen has been suggested to be more closely related to Aliveri species based on the morphology of its upper dentition, though its proportionally smaller size keeps it more archaic (Mayda 2004 (Mayda , 2010 .
Besides these carnivore records, other large mammal fossils, also collected during 1978 by H. de Bruijn and never included in previous works, were rediscovered and studied by one of our team (S.M.) during a visit to the Staatliches Museum für Naturkunde, Stuttgart. The collection comprises of some dental remains of different taxa, such as pecoran ruminants (at least four taxa) and the oldest equid of Greece, an Anchitherium (Fig. 1) . Hence, this new large mammal collection is of crucial importance to the aim of understanding the biochronology and ecology of the fauna.
Abusch-Siewert (1983) assigned small-to medium-sized European anchithere taxa into three different subspecies of Anchitherium aurelianense (Cuvier, 1825) (A. aurelianense aurelianense, A. aurelianense steinheimense and A. aurelianense hippoides). Since Anchitherium molar morphology is known to be very conservative, especially within Orleanian faunas, the size alone is the key character to distinguish among these subspecies. The Aliveri Anchitherium (p4: L=19.54, W=14.27) is morphologically close to those of European A. aurelianense aurelianense, especially similar to early Orleanian (MN 3-4) French localities Baigneaux (MN 4) and Neuville-aux-Bois (MN 3b) collections in size, and also has the same degree of brachydonty and lesser development of cementum in contrast to the larger A. a. hippoides and A. a. steinheimense from MN 5-6 localities of Central Europe. Here, we tentatively refer the Aliveri specimen to A. aurelianense cf. aurelianense.
Apart from morphological differences, the Aliveri pecora collections, mainly represented by isolated teeth, can be grouped into four size classes. The largest specimen, which is an upper right molar of selenodont morphology that just preserves the labial wall, reflects the morphology of the genus Palaeomeryx and metrically resembles Orleanian forms P. kaupi and Ampelomeryx ginsburgi. However, since there is no fully consensus regarding the taxonomy of the family (e.g. Astibia 2012 ) and given the paucity of the material, a determination as Palaeomerycidae gen. et sp. indet. is sufficient for the moment.
The two cervid forms are more abundant than the remaining pecorans in the Aliveri fauna. The small cervid resembles that of the tiny European Lagomeryx parvulus (Roger, 1898) , especially in its premolar morphology, while the mediumsized form is similar to the largest European Lagomeryx, L. ruetimeyeri Thenius, 1948 (Rössner 2006 . An upper and a lower molar, differing from cervids in being higher crowned, are metrically and morphologically similar to Eotragus Pilgrim, 1939 , which is the oldest true bovid so far known from Europe. Within this archaic bovid genus, E. artenensis Ginsburg and Heintz, 1968 is closest in size and stage of evolution to the Aliveri form. This taxon is known from Artenay (MN 4) and Buñol (MN 4) and is also quite common in co-eval German localities (Van der Made 2012).
The rodents
The site of Aliveri contains an important assemblage of fossil rodents (De Bruijn and Van der Meulen 1979; De Bruijn et al. 1980 Van der Meulen and De Bruijn 1982; De Bruijn 1985, 1988; Álvarez Sierra et al. 1987; Oliver and Peláez-Campomanes 2014a) . The rodents recorded in Aliveri include 20 taxa belonging to six different families (Koufos 2006) and represent a unique combination of oriental and occidental rodents. Among them, Sciuridae, Cricetidae and Gliridae are the most diverse groups.
Despite being a poorly-diversified group, Eomyidae are important for biochronology since they are one of the scarce groups that share the same species with other European basins. Pseudotheridomys parvulus from Aliveri was described by Álvarez Sierra et al. (1987) . According to these authors, this taxon shows similar size and morphology to the assemblages from Wintershof-West and Dolnice 1 to 3, among others, its distribution being from early MN 2a to early MN 4. Contrary to other rodent groups, as will be discussed below, the eomyids are not present in the Turkish fossil record and therefore may indicate the existence of an ecological barrier between Greece and Asia Minor during early Miocene, preventing the migration of some European groups into Turkey.
In addition to the eomyids, the age of Aliveri has been based on its cricetid composition. The cricetid genera present in Aliveri are Cricetodon, Mirrabella, Megacricetodon, Democricetodon and Eumyarion, representing a peculiar combination of cricetids for a European early Miocene fauna (Klein Hofmeijer and De Bruijn 1988) . All those genera are considered to have an Asian origin, entering Europe from Turkey. Aliveri has been considered as a first step in the migration of the cricetids towards central and western European basins. Cricetodon, Mirrabella and Eumyarion are typical Asian genera with representatives in Turkish MN 3 localities such as Sabuncubeli (De Bruijn et al. 2006) , which are also present in Aliveri but with more advanced morphology. According to De Bruijn (2009) , Eumyarion and Mirrabella share a common ancestor.
A clear difference between Europe and Turkey during the early Miocene is the low cricetid diversity recorded in the former. The younger part of MN 3 in western Europe is called the Bcricetid vacuum^, compared with the high diversity, at genus as well as species level, found in Turkey at that time. Theocharopoulos (2000) , studying the Democricetodontinae, argued that the Democricetodon franconicus from Aliveri is slightly more primitive than the material from Karydia and that both are more primitive than the material from Erkertshofen 1, type locality of D. franconicus, and Petersburg 2, thus implying an earliest MN 4 age for the Aliveri fauna. The relative position between these two Greek localities is further confirmed by the evolutionary stage of Cricetodon and Anomalomys, and the presence of Ligerimys instead of Pseudotheridomys in Karydia, indicating a younger position for the latter assemblage (Doukas 2003; Koufos 2006) . The genus Democricetodon is present in early Miocene localities from Turkey. Theocharopoulos (2000) Recent work on Aliveri by Oliver and Peláez-Campomanes (2014a) restudied the Megacricetodon forms from the Aliveri sites, assigned previously to M. primitivus, a typical Iberian taxon from the MN 4. The morphological differences already pointed out by Klein Hofmeijer and De Bruijn (1988) between the Greek and the Iberian associations are considered by Oliver and Peláez-Campomanes (2014a, b) to be important enough to assign them to two different taxa, based mainly on the morphological stability shown by the Spanish taxon along its distribution. These authors assigned the Megacricetodon material from Aliveri (North and South quarries) to M. hellenicus, a new species that shows a combination of dental characters that differentiate it from other early Miocene taxa.
Another interesting rodent described from Evia Island is Anomalomys aliveriensis (Klein Hofmeijer and De Bruijn 1985) . This taxon represents the first occurrence of the Anomalomyidae in Europe. The Greek species is closely related to A. minor, present in localities from early MN 4 from central Europe such as Dolnice or Rauscheröd (Bolliger 1996 (Bolliger , 1999 , also indicating an older age for Aliveri fauna. The origin of the group has been extensively discussed (De Bruijn and Saraç 1991; Bolliger 1996 Bolliger , 1999 De Bruijn et al. 2006; Flynn 2009 ). Several authors have considered Anomalomys to be closely related to Eumyarion, being the possible descendant from E. intercentralis (De Bruijn 2009). Moreover, Flynn (2009) extends the proposed affinity of Eumyarion with the Anomalomyines to affinity with all spalacids. The latter group also includes another rodent from Aliveri, Heramys eviensis, described by Klein Hofmeijer and De Bruijn (1985) . So far, the species has been only recorded in Greece. The early evolution of the early spalacines is complex. Ünay (1996) described the genus Debruijnia, based on material from the Turkish locality of Keseköy, and related it to Heramys. Recently, a new genus, Vetusspalax, has been described from the Bosnia Herzegovina locality of Banovici by . According to these authors, it represents the earliest record of the spalacines.
Another highly diversified group is the glirids, which includes six different taxa (Van der Meulen and De Bruijn 1982; Ünay 1994) . The group has a long history in Europe and Asia and therefore its palaeobiogeographic distribution is difficult to interpret (Daams 1999) . The species present in Aliveri are: Glirulus diremptus, a species also recorded from European MN 4 localities; Microdyromys sp., a typical European genus since the Oligocene; Glis galitopouli and Bransatoglis complicatus also recorded in early Miocene localities from Anatolia; and Paraglirulus agelakisi and Glirudinus euryodon which have only been recorded in Aliveri. As for the cricetids, the glirids show a mixture of taxa with both European and Anatolian influences.
The sciurids are dominated by flying squirrels with four species and ground squirrels with two (De Bruijn et al. 1980) . Miopetaurista dehmi and Blackia miocaenica are flying squirrels both present in MN 3 and MN 4 European localities. Palaeosciurus is also present at Aliveri as well as, although rare, at several early Miocene localities from Anatolia (Ünay et al. 2003; De Bruijn et al. 2006 ). Tamias eviensis, described by De Bruijn et al. (1980) , is considered the oldest representative of the genus Tamias in the Mediterranean area, but its evolution and distribution are difficult to understand, as pointed out by Bosma et al. (2013) . Finally, the two remaining sciurid species have been assigned to the genus Aliveria, described based on material from Aliveri. The two species present are Aliveria brinkerinki and A. luteyni. Representatives of the latter species are present at Erkertshofen and Rembach according to De Bruijn (1999) , material previously assigned to Forsythia by Ziegler and Fahlbusch (1986) . This genus is also present in Turkey at the MN 3 locality of Keseköy (Ünay et al. 2003) , representing the earliest record of the genus Aliveria.
The insectivores
The insectivore fauna from Aliveri encompasses five families, but one of these, the Soricidae, is only represented by indeterminate molars (Doukas 1986 ). The remaining taxa show strong ties to European faunas, and are in part notably (i.e. at the genus level) different from the early Miocene insectivores from Anatolia.
The Erinaceidae are represented by Galerix symeonidisi Doukas, 1986 , for which Aliveri is the type locality. The genus Galerix seems to have originated in Anatolia (Van den Hoek Ostende 1992), with its first occurrence in the latest Oligocene of Inkonak (De Bruijn et al. 1993) . This gymnure appears in Europe near the MN 2/MN 3 transition, and has been since then a very common faunal element at almost every European locality. The first European Galerix species are effectively just larger than, but morphologically very close to, the oldest Anatolian species, and therefore Van den Hoek Ostende (2001) postulated an early migration wave from Anatolia into Europe. The Aliveri gymnure was not part of that migration wave. Galerix symeonidisi appeared at the beginning of MN 4 as a common element in both Germany and Spain (Van den Hoek Ostende and Doukas 2003). In Spain, it had its first occurrence in the uppermost Ramblian, and there are also some presumed MN 3 occurrences of this species in Germany. Sen et al. (1998) recorded G. cf. symeonidisi from the Anatolian locality of Semsettin, but Van den Hoek Ostende and Doukas (2003) showed that this identification is erroneous. As the species is not known from Anatolia, we have to assume that its entrance into Europe was part of a more northern migration event. A possible ancestor is the newly described species from Pakistan (Zijlstra and Flynn 2015, this issue), which, like G. symeonidisi, features a hypocone on the P3.
The moles (Talpidae) are represented by two species at Aliveri, Desmanodon antiquus and Myxomygale engesseri. The Desmanodon was originally described as a separate species in honour of Albert van der Meulen, D. meuleni, but was considered a synonym of the German species D. antiquus by Doukas and Van den Hoek Ostende (2006) . The early history of Desmanodon closely resembles that of Galerix. The mole genus also had its first occurrence in the Anatolia, and has been known there from the earliest Miocene onwards. Like Galerix, it presumably entered Europe around the MN 2/MN 3 transition (Van den Hoek Ostende 1997 , 2001 , and developed separate but similar species in Germany and Spain, D. antiquus and D. remmerti, respectively. The main difference between these two species lies in the humerus, an element that had not been found in the Aliveri assemblage, which is, in fact, rather scanty.
In contrast, the genus Myxomygale has never been found in Anatolia, and represents a European element in the Aliveri assemblage. The genus is known for two occurrences in Spain (Ziegler 1985 (Ziegler , 1990 (Ziegler , 1994 Fejfar and Sabol 2005; Van den Hoek Ostende and Fejfar 2006; Klietmann et al. 2014a ). Some of this material was originally described as Palurotrichus Ziegler, 1985 , considered a subjective synonym of Myxomygale by Van den Hoek Ostende (1989) .
The Dimylidae and the Heterosoricidae also show affinities with the European early Miocene faunas. The latter family is represented by Heterosorex ruemkae, for which Aliveri is the type locality and only known occurrence to date. The species is somewhat smaller than the common species in Central Europe, H. neumayrianus. The latter is found throughout the early Miocene in Germany (Ziegler and Fahlbusch 1986; Ziegler 1989; Klietmann et al. 2014b (Furió et al. 2015) .
In addition, the dimylid of Aliveri, Plesiodimylus, belongs to a different genus than the dimylid, Turkodimylus, found in the early Miocene of Anatolia (Van den Hoek Ostende 1995). Doukas (1986) identified the Aliveri dimylid as P. chantrei, but wrote in his unpublished thesis that he had named it P. huerzerleri. The change of heart resulted from a discussion which had convinced him that the latter should be considered a subjective synonym of the first. The taxonomy of the genus Plesiodimylus remains largely unresolved, but it is clear that the name chantrei has been to a certain extent been used as a waste basket (Klietmann et al. 2014c ). Irrespective of how the Aliveri dimylid is classified, it is clear that its M1 has a primitive morphotype (Morphotype I of Klietmann et al. 2014b ), which has also been found in the type locality of P. huerzeleri, the MN 3 locality of Wintershof-West. Notably, the more advanced morphotype had already been found in MN 4 localities of Central Europe. In Spain, Plesiodimylus has only been found in the coastal areas, first as a transient (Furió et al. 2012 ), but at the beginning of the late Miocene as a common element in the localities of the Vallès-Penedès (Furió et al. 2011 ).
The lagomorphs
The small fauna from Aliveri contains an interesting form of ochotonid lagomorph. It was described by López Martinez (1986) as Albertona balkanica and named in honour of Albert van der Meulen. As is the case for most of the organisms present at Aliveri, the genus Albertona, described based on material from Aliveri, shows an intermediate position between European and Asian forms (López Martinez 1986) . The origin of this genus seems to be related to European forms such as Lagopsis and Marcuinomys (López Martinez 1986; Erbajeva 1994) . Since its description, representatives of this genus have been described from early Miocene localities in Serbia (Markovic 2010) as A. balkanica and localities in Anatolia (Ünay and Göktaş 1999) as A. aegeensis. Although the relationship between these two species has not been studied in detail, Markovic (2010) proposed a more primitive configuration of the Greek Albertona species. The relationship of the genus with the Asiatic genus Alloptox was proposed by López Martinez (1986) , implying a migration wave from west to east. In contrast, Erbajeva (1994) did not agree with that relationship and placed Alloprox in a different clade. Table 1 shows the fauna list of Aliveri updated according to the latest taxonomical revisions indicated above. In order to assess which assemblages of the same period show the largest resemblance to that of Aliveri, we have computed the RaupCrick similarity index comparing the small mammals from the Greek locality to those from MN 3 and MN 4 localities in Europe and Asia Minor. The similarity is based on the generic rather than the specific level, based on the higher robustness of the results as outlined in Pelaez-Campomanes and van der Meulen (2009) and Casanovas-Vilar et al. (2010) . As the identifications of the large mammals are largely preliminary and, moreover, because of the low number of localities with both large and small mammals, we have not included the carnivores and ungulates from Aliveri in the calculations. Although undeniably an MN 4 assemblage, Aliveri is one of the oldest localities from that MN unit, and presumably co-eval with many of the MN 3 assemblages from western and central Europe (see discussion on age below). The similarity results are included as Online Resource 1. Figure 2a shows the results for MN 3. Clearly, there is little similarity between the Aliveri and European assemblages, while the four localities from Anatolia show a varying degree of resemblance. Sabuncubeli shows the largest similarity (0.88) to the Greek locality, followed by Harta (0.72). Kınık 1 and Keseköy have much lower similarities (0.28 and 0.32, respectively). This difference in similarity is notable, and, given that it involves the two best-studied MN 3 localities of Anatolia, Keseköy and Sabuncebeli, it can be seen as an indication of different environments, separated either spatially or in time.
Faunal similarity
The results for MN 4 (Fig. 2b) show a far greater similarity of the Aliveri fauna to European assemblages. As such, it confirms that the Greek locality should be assigned to this MN unit, even though the similarity with the MN 4 reference locality La Romieu is actually low (0.15).
The map shows a general trend of high similarities in the east, low similarities in the west and an intermediate area in central Europe. There are two notable exceptions. The Turkish locality of Hosköy has a surprisingly low value (0.03), whereas the locality of Mas Antolino 2 shows a higher similarity than the other Spanish faunas (0.55). The data for the Turkish locality were derived from a preliminary faunal list in Saraç (2003) . The Spanish locality happens to share with Aliveri relatively rare genera as Heterosorex and Glirudinus. As such, we do not think that these two exceptions reflect real deviations from the general trend.
When considering the localities in central Europe with low values, it is notable that these encompass all the fissure fillings dated to the beginning of MN 4. Glovelier, Petersbuch 2, Erkertshofen 2 and Dolnice 1 all have a similarity below 0.05, with the fissures Erkertshofen 1 (0.35) and Dolnice (0.32) showing higher values. Given the large dissimilarity found in the previous period, this hardly seems surprising, and simply indicates a continuance of differences. The addition of Democricetodon, as the most common element in MN 4 assemblages, has hardly any effect on the similarity. The stratified localities of the German part of the North Alpine Foreland Basin (NAFB) have similarly low values. These localities, Rauscheröd (0.06), Rembach (0.16) and Forsthart (0.39), are considered to be younger than Petersbuch 2 and Erkertshofen 1+2 (Ziegler and Fahlbusch 1986; Abdul Aziz et al. 2010) , and the dissimilarity of these faunas with Aliveri is less easily explained.
By contrast, the localities from the Alpine molasse in Switzerland and Austria show relatively strong similarities, ranging from 0.53 (Eiboden) to 0.80 (Ober Schriberschwändili). The only exception is the locality of Mauensee (0.16), which yielded a value comparable to the German localities. Also, the Czech locality of Ořechov (0.60) and the Polish locality of Belchatow C (0.53) show similar values as the bulk of the Swiss and Austrian localities.
The age of Aliveri
The locality of Aliveri is the oldest Greek Neogene land mammal fauna, with the exception of the find of a Prodeinotherium at the locality of Gavathas, assigned to MN 3 (>18.5 Ma; Koufos 2006) . Unfortunately, there are no independent means for dating the locality. De Bruijn et al. (1980) assigned the fauna to MN 3, presumably wanting to stress that they believed that it ante-dated the arrival of cricetodontines like Democricetodon and Megacricetodon in central and western Europe. The presence of these hamsters, however, and in the case of Democricetodon even the central European species, is considered indicative for MN 4, and the fauna has been listed as such ever since. According to Theocharopoulos (2000) , the stage of evolution of the Democricetodon is more primitive than in the oldest populations from central Europe, which marks the onset of MN 4 in that area. Unfortunately, the oldest MN 4 faunas from central Europe (Glovelier, Petersbuch 2, Erkertshofen 1 and 2) are all from karstic fissures and no correlation to magnetostratigraphic sections is possible. Therefore, even knowing that Aliveri has to be considered older than those localities, it is not possible to estimate a more precise difference in age.
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b MN 4 Fig. 2 Raup-Crick similarity to Aliveri mapped on the current map of Europe. As an early MN 4 locality, Aliveri is co-eval with a number of MN 3 localities. Yet, there is no similarity with European MN 3 localities, only with those from Anatolia (a). In MN 4, the similarity with other faunas is much larger, and includes assemblages from central Europe (b) In the Daroca basin, the Ramblian/Aragonian (MN 3/MN 4) boundary was estimated on the basis of sedimentation rates at about 17.0 My. The most solid dates we have are from MN 3 faunas, such as Trub-Sältenbach (C5Dr≈17.8 Ma; Kälin and Kempf 2009), Beaulieu (17.5 Ma; Aguilar et al. 2003) and Pico del Fraile 1 (17.5; Larrasoaña et al. 2006) , which provide maximum ages for the MN 3/MN 4 transition. Reichenbacher et al. (2013) placed the transition between MN 3 and MN 4 close to 18 Ma, stressing the point demonstrated by Van der Meulen et al. (2011 , 2012 that the boundaries between MN units are diachronous. For our discussions, we will follow Koufos (2006) placing the age of Aliveri between 17.5 and 18 Ma, but this must still be considered only an estimate.
Palaeogeographical considerations
Not only the age, but also the exact palaeogeographical position of Aliveri is difficult to assess. The Neogene tectonic history of the eastern Mediterranean is complicated, as was recently illustrated by the discovery of Anatolian muroids in the uppermost Oligocene of the Bosnian locality of Banovići .
The opening of the Aegean in the late Neogene alone moved the position of Aliveri several hundreds of kilometers to the southwest (Ten Veen and Kleinspehn 2002, fig. 1 ). In addition, the relatively rapid westward movement of the AegeanAnatolian block (Ten Veen and Kleinspehn 2002, fig. 2 ) must also have had a major impact on the geography of the region. All this does not allow us to reconstruct the original position of Aliveri at the time of its deposition, but does indicate that we must take extreme care when interpreting palaeogeographic maps to reconstruct migration routes for mammals.
Our age estimate places Aliveri between the palaeogeographical maps for the early Miocene (Popov et al. 2004, map 4: 20.5-19 Ma) and the early middle Miocene (Popov et al. 2004, map 5: 16-15 Ma) . In terms of mammalian biochronology, these maps would roughly correlate to early MN 3 and MN 5, respectively. The early Miocene map suggests a great deal of isolation of the Anatolian block, which fits well with the muroid faunas of the area defining a separate bioprovince. The Anatolian faunas do have a number of genera in common with Europe (e.g. the glirids; Ünay 1994), showing that a connection must have been present between the areas previous to the early Miocene. Moreover, Van den Hoek Ostende (2001) demonstrated that two insectivore genera, Galerix and Desmanodon, migrated from Anatolia to Europe around the MN 2/MN 3 transition, showing that intermittent migrations were possible. A very interesting feature in the map is a sea strait separating Anatolia and present-day Greece, suggesting a certain degree of isolation within the block (Fig. 3a) . The extent and size of this barrier cannot be assessed given the complexity of the history of the region, but it seems to fit the absence of, e.g. eomyids, which are known from Aliveri.
Although the early middle Miocene map (Fig. 3b) postdates the deposition of Aliveri, it gives an idea of the changes in the area. The Anatolian block is no longer isolated, but is connected to Europe by a northern corridor at the position of eastern Europe. Also, Anatolia and the Balkan are now firmly connected.
As mentioned before, we have to be cautious in the conclusions that we draw from these palaeogeographical reconstructions. We assume based on the available data that the history of the fauna of Aliveri must be considered in the light of a period of isolation, possibly also from Anatolian faunas, which ended when a firm connection was established with Eurasia.
Palaeobiogeographical interpretation
In this section, we try to reconstruct the origin of the Aliveri fauna within the stage set by its presumed age and palaeogeography as outlined above. In short, we consider the locality to be somewhat older than the MN 4 localities in Europe, and to be part of a landmass that showed decreasing isolation during this period. Such a reconstruction should explain the most important characteristics of this fauna, which are: The largest hindrance in reconstructing the history of the Aliveri fauna is the fact that we do not know what preceded the assemblage. After all, Aliveri is the oldest fauna of its area. The presence of the same glirid genera in the early Miocene of Anatolia as in Europe (Ünay 1994) , as well as that of the squirrels Palaeosciurus and Blackia (De Bruijn et al. 2006) , shows that faunal exchange had been possible between the eastern Mediterranean landmass and Europe prior to the Miocene. Van den Hoek Ostende (2001) postulated a migration of two insectivore genera, Galerix and Desmanodon, from Anatolia to Europe around the MN 2/MN 3 transition.
The large mammals, and especially the carnivore assemblages, corroborate that some faunal exchange was possible during the early Miocene. In the Anatolian MN 3 locality of Sabuncubeli, besides Euboictis, an Anchitherium was recorded that looks quite similar to the Wintershoft-West (MN3) collection, although the smaller size of the specimen suggests that it is slightly primitive. In Fig. 3 , we propose a double way for the entrance of Anchitherium in Europe, as was outlined by Koufos et al. (2005) , one north of the Paratethys and the other south of the Paratethys.
The cricetids Eumyarion, Mirrabella, Cricetodon and Democricetodon all appear to have an Anatolian origin (De Bruijn and Saraç 1991; De Bruijn et al. 1993; Theocharopoulos 2000; De Bruijn 2009) , as does the squirrel Aliveria (Ünay et al. 2003) . Anomalomys actually has its first occurrence in Aliveri, but, following the suggestion of De Bruijn (2009) that it is a descendant of Eumyarion intercentralis, it too can be considered if Anatolian origin. The same holds true for the Spalacidae, represented at Aliveri by Heramys eviensis. Considering its possible relationship with the Debruijnia forms described from Anatolia (Ünay 1996) , De Bruijn et al. (2015, this issue) has also suggested that the eastern Mediterranean formed the centre of origin. The rather primitive form of Euboictis from Sabuncubeli compared to Aliveri shows that this faunal element is also one of Anatolian origin. Considering all this, the close similarity between Aliveri and Sabuncubeli is hardly surprising, even though it was for us a little unexpected. The major difference between the faunas of the two localities lies in the addition of a number of taxa in the Greek assemblage. The most important of these are the eomyid Pseudotheridomys, Megacricetodon and the flying squirrels. We have already noted that the Aliveri assemblage with its five hamsters is somewhat peculiar by European standards. This is because of the BAsian^configuration of the fauna where the specialised (Eumyarion) and the large (Mirrabella, Cricetodon) local forms were joined by two smaller and presumably opportunistic genera. Megacricetodon appears to be an immigrant from Asia; the Aliveri Democricetodon could also be an Asian immigrant, or could be derived from Anatolian ancestors. We assume that Galerix symeonidisi was part of the same migration event. Van den Hoek Ostende (1992) still derived this gymnure from the Anatolian species, but, with the description of a similar and somewhat older form Pakistan (Zijlstra and Flynn 2015, this issue) , an Asian descent is now far more plausible. Moreover, G. symeonidisi also entered central and western Europe at the same time as Democricetodon (Ziegler and Fahlbusch 1986; Van den Hoek Ostende and Doukas 2003) In order for the gymnure to reach Aliveri, a connection must have been established, presumably in the north. This landbridge also made it possible for European elements to enter, including the eomyid Pseudotheridomys and the insectivores Heterosorex, Myxomygale and Plesiodimylus. The eomyid is a rare element in European MN 4 faunas, but was far more common in MN 3. Therefore, the proposed migration scenario fits well with the assumption that Aliveri pre-dates the European MN 4 faunas. This is further corroborated by the Plesiodimylus, which is of a type only known from European MN 3 assemblages.
Debruijnia-Heramys
The question then arises as to why these European taxa have not been found in Anatolian MN 4 localities. Our knowledge on Anatolian faunas, particularly of that period, is too scanty to make any firm conclusions. However, Van den Hoek Ostende (2001) noted that the insectivores from Keseköy showed the onset of a drying trend, which is corroborated by the high percentage of the ctenodactylid Sayimys in that locality. All the European migrants in Aliveri are more or less connected to humid environments. A drying trend from the east (which may be part of the climatic changes behind the Democricetodon, Megacricetodon and Eumyarion migration) could have provided an ecological barrier within the GreekAnatolian land mass.
Conclusions
At the time of its description, 25 years ago, Aliveri presented a rather enigmatic locality, having an early occurrence of cricetodontine hamsters together with a number of endemic species and even genera. With what we know today, the Greek locality is still unique, but we are able to place it better in perspective. Its fauna springs from a relatively isolated landmass, which accounts for a strong Anatolian influence. When isolation was lifted, migrants were added to this local fauna. Most conspicuously, Aliveri seems the first European locality preserving representatives of an eastern migration wave including Cricetodon, Eumyarion, Democricetodon, Megacricetodon and Galerix symeonidisi. At the same time as these eastern immigrants, a number of European taxa arrived, accounting for the unique composition of the Aliveri assemblage.
Apart from the results from the Greek locality itself, our review corroborates the role of the Greek-Anatolian landmass for a number of genera (Glis, Cricetodon, Aliveria, Albertona, amongst others) and even families (Anomalomyidae, Spalacidae). Anatolia therefore may play even a larger role in biogeography than previously assumed, emphasising the need of continued research in the eastern parts of the Mediterranean.
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